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DIGITAL DATA CONVERTING METHODS AND APPARATUS 

This invention relates to digital data converting methods and 
apparatus. The methods and apparatus are suitable, for example, for use 
where an audio signal is pulse code modulated and then recorded. 

Apparatus is known in which an analpg signal such as an audio signal 
is converted into a pulse code modulated (PCM) signal, magnetically 
recorded using a rotary head without forming guard-bands, and then 
reproduced. In such known apparatus, in addition to a differentiated output 
characteristic of the magnetic recording and a low frequency cross-talk 
component generated from adjacent tracks, low frequency components are 
cut off by a rotary transformer, so the low frequency components of the 
audio signal cannot be reproduced with high fidelity. 

Accordingly, in the above apparatus, which is required to have a 
narrow record and playback frequency band and a small low frequency 
component, it is effective to modulate a record signal into the area of the 
15 low frequency and direct current (DC) components by a modulating system 
having a small frequency spectrum component. The so-called non-return to 
zero, inverted (NRZI) modulation system is an example of such a modulation 
system. In the NRZI system, a signal is inverted at level "l" in the data 
signal, but is not inverted at level "0" therein. 
20 However, in the NRZI modulation system, when consecutive digital 

zeroes appear, the modulated signal is not inverted during the period 
occupied by the digital zeroes, and the frequency of the modulated signal 
becomes low. Thus, the DC and the low frequency components are 
increased. 

25 Therefore, it has been proposed to divide the PCM digital information 

into groups of bits of a predetermined number and to convert the respective 
groups of bits into groups of bits of a larger number, thereby avoiding the 
occurrence of a large number of consecutive digital zeroes. 

We have previously proposed such an information converting system 

30 as follows. 

In this converting system, eight bits (By B 2 , B y B 4 , & y B 6 , B ? , Bg) 
of digital information in a base digital signal are converted to ten bits (P^, 
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P 2 » p y p 4» p 5> P 6> P V P B' P 9' Elght blt8 (B P B 2' B 3' B 4' B 5* 

Bg 9 By, Bg) can be combined in 256 (2®) different ways. 

With ten bits (P r P 2 , P y P^ P y P & P ? , Pg, P g , P lQ ) 9 in order 

to avoid a DC component (or charge) in the signal after the NRZI 

modulation, it is sufficient that five bits in ten bits are positive "1" and five 

bits are negative "0". In order to establish 1" jT . = 4 (where T is 

mav min IT18X 


max' min 

the maximum internal between level transistlons and T 


min 


is the minimum 


interval between level transitions), a condition is required such that in the 
NRZI-coding, the number of consecutive digital zeroes isflesi^than three, or 

10 in the converted signal the number of consecutive bits of the same level is 
less than four. \ 

With the above constraints, the following Table I shows the possible 
combinations of ten digital bits in the NRZI code for which the DC 
component is zero, but in which there are no more than three digital zeroes 

15 in a row (either internally of each 10-bit word or at the boundary between 
two such words): 


TABLE I 


10 


100 


1000 



69 

34 

14 

4 


40 

20 

8 

1 

001 •••• 

20 

10 

3 

1 

0001 ••• 

8 

3 

• 

2 

1 


Table I shows that there are numerous possible combinations that will 
satisfy the constraints. For example, if up to three digital zeroes are 
20 permitted at the beginning of each word, then no digital zeroes can be 
permitted at the end of any word. In that case, Table I shows the total of 
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the possible combinations is: 
137 = 69 + 40+20+8 

From all of the possible combinations in Table I, the maximum total 
is achieved if no more than two digital zeroes are permitted at the 
beginning of a 10-bit converted word and no more than one digital zero is 
permitted at the end. In that case, the total is: 

193 = 69 + 40+20+ 34 + 20+10 

Thus, 193 10-bit combinations are available for which the DC component is 
zero. These are called "primary combinations". 

Since there are 256 possible B-bit words of original data, 63 
additional 10-bit combinations are required to represent all of the original 
data. Thus, it is necessary to use 10-bit combinations for which the DC 
component is not zero. 

The following table illustrates the number of possible 10-bit 
combinations, which begin with no more than two digital zeroes and end 
with no more than one digital zero, having a DC component of 0, -2 and +2 
when NRZI-coded. 


TABLE II 


first 

DC 

-2 

0 

4-2 

1 ••• 


52 

40 

103 

60 

100 

43 

101 

11 

30 

30 

100 

1 

13 

27 


43 

60 

- .40 


30 

30 

11 
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From Table II, it is clear that the number of possible combinations in 
which the DC component is -2 is: 

52 + 43 + 30 + 125 

Also, it is clear that the number of possible combinations with +2 DC 
component is: 

100 + 40 + 11 = 151 

To calculate the DC components for Table II, it was assumed that the 
last bit of the next-preceding 10-bit combination was at the low level "0", 
as shown in Figures 1A to 1C of the accompanying drawings. If Table II 
were constructed by assuming that the level of the last bit of the preceding 
word was high "l", then the "-2" and "2" columns would be interchanged as 
shown in Figures 2A and 2B. 

Further, the low frequency spectrum of the modulation wave tends to 
decrease more if the combination alternately using the combinations with +2 
and -2 DC component is used more frequently than the combinations with a 
zero DC component. Accordingly, 125 combinations with a pair of +2 and -2 
DC components are used 8nd the remaining 131 combinations with a zero 
DC component are used for 256 combinations of eight bits, by which 125 
combinations and 131 combinations are made corresponding respectively to 
256 combinations of eight bits. 

As the combinations with the pair of +2 and -2 DC components, the 
pair may be selected such that DC component can be controlled only by 
changing the first bit (the second bit and the following bits in combinations 
of a pair are formed as the same level). Therefore, of the possible 
combinations in, for example, Table II, the combinations with +2 and -2 DC 
components and the first bit beginning with "0": 

40 + 11 + 43 + 30 = 124 

are used. And, it is possible that 124 combinations and the combinations 
with a zero DC component, in this C8se, 132 combinations are made 
corresponding respectively to 256 combinations of eight bits. Then, each 


5 


01 43005 


time the combination with +2 DC components appears, the first bit of the 
combination Is converted In such a manner that the DC component becomes 
positive and negative alternately. 

That is, as shown In Figures 3A and 3B of the accompanying drawings, 

5 when the combinations with +2 DC components appears, the number of level 
transitions P (the number of digital ones) from the second bit is counted, in 
which until the following combination with +2 DC components appears, if 
the number of level transitions is even, the first bit (shown by an inverted 
delta) is converted to digital one as shown in Figure 3A, while if the number 

10 of level transitions is odd, the first bit remains as digital zero as shown in 
Figure 3B. 

Thus, even if +2 DC components appear, they are cancelled out by +2 
DC components of the succeeding combination and hence regardless of any 
consecutive digital components, the DC component becomes zero. 

15 The DC component of each bit is generally called a digital sum 

variation (DSV), which is one of the evaluation methods. Let it be 
considered that a combination is formed of a 10-bit pattern with zero DC 
component as, for example, shown in Figure 4A of the accompanying 
drawings. When transition of DSV begins with DSV * 1, the change of the 

20 DSV of such a combination is as shown by a solid line in Figure 4B of the 
accompanying drawings. 

If the width between the maximum and minimum values of the DSV is 
small, the DSV has a small DC component and the low frequency component 
is reduced. As one of the evaluation methods, there is further known a 

25 parameter which is generally referred to as DSV variance. The DSV 
variance can be obtained by squaring and averaging the DSV values at every 
bit, and it is desired that the DSV variance is as small as possible. While the 
level of DSV = 0 is defined as an average value of the DSV value of every 
bit, the level of DSV regarding the waveform of the combination (code) 

30 which has been NRZI-coded is defined as DSV max = -DSV min. 
Accordingly, In this case, it is convenient that the DSV at the boundary 
between the respective combinations is taken as +1 or -1 and the 
intermediate value between DSV max and DSV min is defined as DSV = 0. 

Therefore, let us consider the above converting method by using the 

35 evaluation method of DSV variance. In the combination as, for example, 
shown In Figure 4 A, when the evaluation of DSV variance begins with 
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DSV s +1, the transition of DSV changes along the solid line shown in Figure 
AB as described above and the DSV variance at that time becomes 1.7. 
While, when the evaluation of the DSV variance begins with DSV = -1, the 
transition of DSV changes as shown by a broken line in Figure 4B, and the 
DSV variance at that time becomes 6.9. That is, combinations of the same 
bit pattern are made to have different DC characteristics depending on the 
initial setting of the DSV. Particularly in this case, when the evaluation of 
DSV variance begins with DSV = -1, the DSV variance becomes large, which 
is not preferable. 

Figure 5 of the accompanying drawings shows an example of an 
apparatus which is capable of conversion in accordance with the above 
converting system. The apparatus comprises an input terminal 1, an 8-bit 
shift register 2 which accepts information of eight bits, a conversion logic 
circuit 3 which uses, for example, a programmable logic array (PLA), and a 
clock terminal 4. Then, information applied to the input terminal 1 is. 
transferred eight bits at a time through the shift register 2 in response to a 
pulse which is applied to the clock terminal 4 at the data bit rate, and the 
information of eight bits (Bj, B 2 , Bj,.B^, B^, B & B 7 , B fl ) is supplied to the 
conversion logic circuit 3. 

An identifying circuit 5 identifies whether the first bit is variable or 
fixed, namely, in this case, whether the DC component of the combination is 
"0" or +2. The identifying circuit 5 consists of, for example, exclusive-OR 
(hereinafter simply referred to as EOR) circuits 5a to 5c and an 
exclusive-NOR (hereinafter simply referred to as ENOR) circuit 5d. In the 
identifying circuit 5, the circuits 5a to 5d carry out modulo addition of the 
even-numbered bits of the output from the conversion logic circuit 3. In 
other words, the identifying circuit 5 detects whether the number of digital 
zeroes of the even-numbered bits is even or odd. If it is 0 (even), the 
identifying circuit 5 identifies that the combination has +2 DC components 
and produces high level "1" at its output side, namely, the output side of the 
ENOR circuit 5d. That is, the identifying circuit 5 carries out all EOR logic 
operations of the even-numbered bit outputs of the output of the conversion 
logic circuit 3. In this case, when the even-numbered bit is "1", the level 
transition is carried out in this portion so that the DC components of this bit 
and the immediately preceding bit become 0. While, when the even- 
n .. m k» a H hit- ?o "n". t-hpre Avisf +? DC comDonents. Further, when there are 
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two digital zeroes, the DC component becomes 0 to +4. In like manner, 
when there are three digital zeroes, the DC component becomes +2 or +6. 
In other words, if the number of digital zeroes is even, the DC component 
becomes 0, +4, +8 while if it is odd, the DC component becomes +2, +6, 
+10 On the other hand, the whole of the DC component of ten bits is 
restricted to 0 or -2. Accordingly, by detecting whether the number of 
digital zeroes of the above even-numbered bit is even or odd, it is possible 
to identify whether the DC component is 0 or +2. 

The output of the identifying circuit 5 is supplied to one input 
terminal of an AND circuit 6, and the AND circuit 6 is supplied at its other 
input terminal with an output from a detecting circuit 8 which is provided at 
the output side of the shift register 7 for detecting the DC component 
(DSV) of each combination. The detecting circuit 8 supplies the high level 
output to the input side of the AND circuit 6 when the DC component DSV 1 
up to the preceding combination is, for example, -1. 

The output of the AND circuit 6 is supplied to one input terminal of 
an EOR circuit 11 which inverts the first bit in level. To the other input 
terminal of the EOR circuit 11 is supplied the first bit P^ of ten bits from 
the conversion logic circuit 3. Accordingly, when the output of the AND 
circuit 6 if "0", the first bit is not inverted in level and fed as it is to the 
shift register 7, while when the output of the AND circuit 6 is "1", the first 
bit P^ is inverted in polarity and fed to the shift register 7. 

Further, in Figure 5, an EOR circuit 9 and a D-type flip-flop circuit 
10 constitute an NRZI-modulating circuit. 

The detecting circuit 8 includes an up-down counter 8a, and the 
counter 8a is driven by a clock of 1/2 frequency to count only the even- 
numbered bits. Further, the up-down counter 8a is controlled by the output 
from the EOR circuit 9, so the DC component is detected. Since the output 
of the up-down counter 8a is always delayed by two bits, the EOR circuits 
8b and 8c are provided to correct the count value of the counter 8a by the 
last two bits. 

In the detecting circuit 8, AND circuits Bd and 8e and a NOR circuit 
8f are used initially to set the DC component DSV to -1 or +1. When the 
DSV of the NRZI-modulated wave is counted by the counter 8a at every one 
or two bits, if the state of the DSV is taken as D5V is less than or equal to 
3 in the range of DSV, there exist many DC omponents such as -3, -2, -1, 0, 
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+1, +2 and +3. Accordingly, the DSV is initially set to -1 or +1 by the AND 
circuits 8d and Be 8nd the NOR circuit 8f. 

Thus, the positive or negative polarity of the DC component is 
detected, and this detected signal and the signal from the identifying circuit 
5 Bre supplied to the AND circuit 6 which then produces a control signal for 
controlling the level of the first bit of the output. 

As to the combination of DC component in which it is a combination 
with zero DC component and a combination with +2 DC components, the 
conversion logic circuit 3 is arranged to produce it to be any one of them as 
unified.. When the conversion logic circuit 3 produces the output which is 
unified such that the DC component is -2, if the converted combination has 
-2 DC component and the evaluation of DSV variance begins with -1, the 
first bit thereof is inverted in level by the EOR circuit 11 (at this time, the 
output of the AND circuit 6 is high level) and a combination having +2 DC 
component is then produced. Since the output of the identifying circuit 5 is 
low level and the output of the AND circuit 6 Is also low level for the 
combination with a zero DC component, it is directly produced without the 
first bit being inverted in level by the EOR circuit 11. 

A timing detector circuit 12 detects the timing of the pulse which is 
supplied to the clock terminal 4 at the data bit rate, and the timing signal 
from the timing detector circuit 12 is supplied to a load terminal LD of the 
shift register 7 at every 8 -bit data. 

As described above, the content or data converted to the form of 
10-bit data and latched in the shift register 7 is sequentially read out 
therefrom on the basis of a clock signal with frequency 5/4 times the clock 
frequency of the input signal supplied thereto from a clock terminal 13. The 
signal thus read out from the shift register 7 is supplied to and NRZI-coded 
by the NRZI-modulating circuit which comprises the EOR circuit 9 and the 
flip-flop circuit 10, and is then fed to an output terminal 14. 

In the case of the circuit arrangement in which PLA is used for the 
conversion logic circuit 3 as described above, the circuit for detecting 
whether the combination has zero DC component of +2 DC component is 
required so that the circuit arrangement becomes complicated. This poses 
no problem when a read-only memory (ROM) Is used as the conversion logic 
circuit 3. However, the ROM causes the circuit arrangement to become 
large, and when this ROM is formed as an integrated circuit, the ROM 
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occupies a large pattern area and consumes much power. Further, in order 
to make the DSV variance small, It Is desired that two combinations having 
zero DC component are paired as much as possible, and that one of the pair 
having a smaller DSV variance is used on the basis of whether the DSV is +1 
5 or -1. In this case, a detecting circuit is required to detect whether or not 
the first bit of the pair of the two combinations having the equal zero DC 
- component is variable. This makes the circuit arrangement more 
complicated. 

Further, if a pair of two combinations are not limited to ones in 
10 which bits succeeding the second bit are equal, but are selected from ones 
having a small DSV variance, although the DSV variance can be made 
smaller, it is unavoidable that the circuit arrangement becomes more and 
more complicated. 

Further, if a pair of two combinations are not limited to ones in 
15 which bits succeeding the second bit are equal, but are selected from ones 
having a small DSV variance, although the DSV variance can be made 
smaller, it is unavoidable that the circuit arrangement becomes more and 
more complicated. 

Therefore, a converting system has been considered which uses no 
20 detecting circuit. 

In this converting system, when the combination in which DC 
component is zero is used, all the first bits thereof are converted similarly 
to the combination in which the DC component is +2. To this end, even 
when the first bit is inverted, possible combination must be formed in 
25 2 x2 different ways, or the 8/10-conversion scheme must have 2 x 256 
possible combinations. It is therefore assumed that T = 5T' 

(T ' = T min = Tw ( window margin of detecting window)). Then, the number of 
the usable combinations is 512 or above. 

The following Table III shows the number of possible combinations of 
30 10-bit information which can satisfy the condition of T = 5T'. In this 
case, to satisfy the condition of T mflx = 5P, in NRZI code? the number of 
consecutive digital zeroes must never exceed four, or the same consecutive 
levels of digital signal after being modulated must never exceed five bits. 
Therefore, the bits must begin with at most two digital zeroes and also end 
35 with at most two digital zeroes. 


0143005 


TABLE III 


first 

DC 
bit 

-2 

0 

+2 

1 • — 


71 

51 

120 

68 

120" 

52 

101 

17 

34 

34 

1001 ••• 

3 

18 

34 

o * • * 

• * * • • 

01 • • • • • • 

66 

52 

102 

68 

68 

51 

001 • • • • • • 

34 

34 

17 


In Table III, the information or word beginning with "100 ...", if the 
first bit thereof is inverted, becomes "000 ...", so that three consecutive 
digital zeroes are permitted at the beginning thereof. There is then a risk 

5 that four or more consecutive digital zeroes will occur at the boundary 
between the consecutive combinations, thus such combinations cannot be 
used in this converting method. As a result, if these 55 (3 + 18 + 34) 
combinations are removed from all the possible combinations in Table III, 
512 combinations are left, which is just twice the number of possible 

10 combinations of 2 8 = 256. 

Accordingly, 256 possible combinations each of which forms a pair 
with a different first bit can be made corresponding to 256 possible 
combinations of 8-bit data. In this connection, Table III shows 102 possible 
combinations each of which forms a pair having a zero DC component and 

15 has a different first bit, and 154 possible combinations each of which forms 
a pair having +2 DC components and has a different first bit. 

Upon conversion, the pair of combinations are selected by detecting 
which of DSV = +1 and -1 make the DSV variance small. As described above 
in connection with Figure 4, when the DC comonent is -2, the evaluation of 

20 . DSV variance begins with DSV = +1, while when the DC component is +2, the 
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Figure 6 of the accompanying drawings (formed of Figures 6 A to 6E) 
shows examples of 256 possible combinations (codes) which are selected on 
the basis of Table III, in which they are not corresponded to the data. 
Figure 6 shows that a pair of two combinations should be selected only by 
controlling, for example, the first bit. In Figure 6, reference Q' designates 
the DC component information (corresponding to the preceding DSV = DSV) 
of the code (combination) before being converted, DV designates the 
variance of DSV, P designates the number of level transitions (even number 
is 0 and odd number is 1) in each code, and Q designates the DC component 
information (corresponding to the DSV of the code just after being 
converted) of the code just after being converted. When the example of the 
circuit arrangement shown in Figure 5 uses the code of combinations in 
Figure 6, a pair of codes from numbers 1 to 102 having zero DC component 
are used individually. 

Figure 7 schematically illustrates an example of an apparatus which 
carries out the conversion in accordance with this converting method. In 
Figure 7, like parts corresponding to those in Figure 5 have the same 
references and will not be described in detail. 

In the example shown in Figure 7, upon conversion, the first bit of all 
the possible combinations is made variable so that a circuit for detecting 
whether the first bit is variable or fixed, namely, the circuit 5 as shown in 
Figure 5 which detects whether the combination is the combination having 
zero DC component (the first bit is fixed) or the combination having +2 DC 
component (the first bit is variable) or the like is not necessary. 

Therefore, in this example, the output of the detecting circuit 8 
which detects the DC component (DSV) is directly supplied to one input 
terminal of the EOR circuit 11. Other arrangements are formed similarly to 
Figure 5. 

The conversion logic circuit 3 produces its output with the first bit 
unified such that the preceding DSV becomes -1 or +1. Accordingly, let it 
be assumed that DSV = +1 be unified for the first bit. Then, when the 
converted combination begins with DSV a -1, it is sufficient that the high 
level output of the detecting circuit 8 is supplied to the EOR circuit 11, in 
which the first bit thereof is inverted in level and then supplied to the shift 
register 7. 

Accordingly, similarly to the above, the content or data of the shift 
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register 7 is read out therefrom in response to the clock signal from the 
clock terminal 13, supplied through the EOR circuit 9 to the flip-flop circuit 
10 and then developed at the output terminal 14 as the signal which is 
hRZI- coded. 

As mentioned above, without using the detecting circuit 5 (and the 
AND circuit 6) as shown in Figure 5, It is possible to carry out the eight to 
ten conversion. 

However, in the case of the prior circuit as mentioned above, since 
the waveform NRZI-coded in each combination is used to count the DC 
component, the detecting circuit 8 which detects the DC component 
becomes complicated in construction and becomes expensive in 
manufacturing cost. 

According to the present invention there is provided a method of 
converting a digital signal into a non-return to zero, inverted-coded (NRZI- 
coded) signal, the method comprising the steps of: 

dividing a base digital signal into a series of base words with each m bits of 
data; and 

converting said base digital signal into a converted digital signal by 
matching a converted word with each said base word, each said converted 
word having n bits of data, wherein n is greater than m and said converted 
digital signal has a predetermined maximum number of consecutive digital 
zeroes; 

characterised by: 

detecting if the value of each odd-numbered bit of said converted word is 
digital zero; 

producing a detecting signal according to the result of said detection; 
controlling said converted word in response to said detecting signal; and 
modulating said converted digital signal as an NRZI-coded digital signal. 

According to the present invention there is also provided a method of 
converting a digital signal into a non-return to zero, inverted-coded (NRZI- 
coded) signal, the method comparing the steps of: 

dividing a base digital signal into a series of base words with each eight bits 
of data; and 

converting each said base word into a converted word having ten bits of 
data; 

characterised by: 
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detecting If the value of each odd-numbered bit of said converted word Is 
digital zero; 

producing a detecting signal in response to a parity of said digital value of 
every odd-numbered bit of said converted word; 

controlling the first bit of said converted word in response to said detecting 
signal; and 

modulating said converted word into an NRZI-code. 

According to the present invention there is also provided an 
apparatus for converting a digital signal into a non-return to zero, inverted- 
coded (NRZI-coded) signal, the apparatus comprising; 

dividing means for dividing a base digital signal into a series of base words 
with each m bits of data; and 

converting means for converting said base digital signal into a converted 
digital signal by matching a converted word with each said base word, each 
said converted word having n bits of data, wherein n is greater than m and 
said converted digital signal has a predetermined maximum number of 
consecutive digital zeroes; 
characterised by: 

detecting means for detecting if the value of each odd-numbered bit of said 
converted word is digital zero; 

producing means for producing a detecting signal according to the result of 
said detection; 

controlling means for controlling said converted word in response to said 
detecting signal; and 

generating means for generating said converted digital signal as an NRZI- 
coded digital signal. 

According to the present invention there is also provided an 
apparatus for converting a digital base signal Into a non-return to zero, 
inverted-coded (NRZI-coded) signal having a DC component substantially 
equal to zero and a predetermined maximum time between level transitions, 
the apparatus comprising; 

dividing means for dividing a base digital signal into a series of base words 
with each m bits of data; and 

memory means for converting said base word into a converted word having n 
bits of data, wherein n is greater than m and said converted word has a 
predetermined maximum number of consecutive digital zeroes; 
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characterised by: 

detecting means for detecting if the digital value of each odd-numbered bit 
of said converted word is digital zero and for producing a detecting signal in 
response to a parity of said digital value in every odd-numbered bits of said 
converted word; 

controlling means for inverting the first i>lt of said converted word in 
response to said detecting signal; and 

modulating means for modulating said converted word into an NRZI-coded. 

The invention will now be described by way of example with 
reference to the accompanying drawings, throughout which like parts are 
referred to by like references, and in which: 

Figures 1A to 1C respectively illustrate possible 10 -bit combinations 
of an NRZI-coded converted digital signal; 

Figure 2A illustrates a 10-bit combination of an NRZI-coded 
converted digital signal; 

Figure 2B illustrates the 10-bit combination shown in Figure 2 A with 
the first bit thereof inverted from a digital zero to a digital one; 

Figures 3A and 3B respectively illustrate converted digital signals; 

Figures 4A and 4B respectively illustrate a converted digital signal 
and variation of the DSV of the converted digital signal; 

Figure 5 schematically illustrates an apparatus for generating an n- 
bit NRZI-coded converted digital signal from an m-bit base digital signal; 

Figure 6 (formed of Figures 6A to 6E) is a diagram showing different 
10 -bit patterns; 

Figure 7 schematically illustrates an apparatus for generating an n- 
bit NRZI-coded converted digital signal from an m-bit base digital signal; 

Figure 8 schematically illustrates an embodiment of information 
converting apparatus according to the present invention; and 

Figure 9 schematically illustrates another embodiment of information 
converting apparatus according to the present invention. 

The embodiment of Figure 8 comprises a circuit arrangement 
corresponding to the example of the conversion for Tmax s 4T 1 which is 
based on Table II, namely, the example of the circuit shown in Figure 5. 
Accordingly, in Figure 8, like parts corresponding to those in Figure 5 are 
marked with the same references and will not be described in detail. 
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combinations having zero DC component (or charge) (the first bit is fixed) 
and 42 DC components (the first bit is variable) so that they must be 
discriminated from each other. Accordingly, this embodiment uses the 
identifying or detecting circuit 5 as used in the example shown in Figure 5. 
5 In this case, a T-type flip-flop circuit, for example, is used as the flip-flop 
circuit 10. 

For this embodiment, an explanation will be given for a case in which 
the DC component of a present combination for the succeeding combination 
can be calculated only by checking the parity of odd and/or even of an odd- 

10 numbered bit of the combination, without using the NRZI-coded waveform. 

As described above, to detect whether the DC component of the 
combination is 0 or +2, the even-numbered bit of the combination is taken 
into consideration. Then, if the number of digital zeroes is even, the DC 
component is 0 (DC * 0), while if it is odd, the DC component is regarded as 

15 +2 (DC = +2). In this case, let is be assumed that the detection information 
is Pe. And so, if Pe * 0, then the DC component is 0, while if Pe = 1, the 
DC component is +2. Then, if the conversion logic circuit 3 produces its 
output of combination having the DC component DSV = +1 up to that time, 
when Pe s 1, the combination may be restricted as that with the -2 DC 

20 component. Accordingly, when Pe = 1 and DSV r -1, the first bit of the 
combination is inverted in level to be the combination having 2 DC 
component. 

* 

Next, from the combination of n bits which were inverted in level as 
required, namely, 10-bit combinations in this case, the DC component is 

25 calculated for the succeeding combination. Let us assume that the parity of 
odd and/or even of the n-bit combination is P. Then, for zero DC 
component, if P = 0, DSV = DSV* is established, while if P = 1, DSV = -DSV 
is established. On the other hand, for the DC component of +2, if P = 0, 
DSV = -DSV, while if P = 1, DSV = DSV. The reason for this is as follows. 

30 When the DC component is 0, the DSV is not changed, so that DSV = DSV' is 
established. However, since the last bit of the NRZI-coded waveform in the 
combination of P - 1 is the opposite level to the last bit of the preceding 
combination, if the DSV is defined assuming that the level of the last bit of 
the preceding combination is low level, the last bit of the present 

55 combination is high level, so that such level becomes the low level for the 
succeeding combination. In consequence, it is necessarv to Invert th* nnrf*. 
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of the DC component information. 

For the DC component of +2, if P = 0, the state of the DC component 
is changed and the range in which the DC component is changed is limited 
from +1 to *1 or -1 to +1 so that DSV = -DSV 1 is finally established. On the 
other hand, when P = 1 is established, the level of the last bit is different 
from the level of the last bit of the preceding combination so that 
DSV = DSV is finally established. 

To summarize the above facts, only when the DC component is 0 and 
Pel and the DC component is +2 and P = 0, it is sufficient for the DC 
component information that the DC component information of the preceding 
combination is inverted. The following Table IV shows the above in 
summarized form. 


TABLE IV 


DSV 7 " 

DC 

P 

DSV 

Pe 

*0 



0 

0 

0 

0 

0 

-0 

1 

1 

0 

1 

(-1) 


0 

1 

1 

1 


+2 

1 

0 

1 

0 



0 

1 

0 

0 

1 

0 

1 

0 

0 

1 



0 

0 

1 

1 


-2 

1 

1 

1 • 

0 


In Table IV, reference P Q designates odd and/or even parity for P and 
Pe. When the detecting information Pe is 0, the DC component is 0, while 
the detecting information Pe is 1, the DC component is +2. Thus, under the 
condition that the modulo addition of P and Pe is expressed as P Q 
(PqsP + Pe), when P Q is 1, the level of the DC component DSV is 
inverted. 
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although P represents the parity indicative of "1", if n in the m/n-conversion 
is taken as even number, P may be the parity indicative of the number of 
"0"s. Accordingly, it is possible to say that P which is the odd and/or even 
parity of Pe and P is the parity indicative of the number of "0"s. That is, 
transmission information of the DC component is inverted, and then 
transmitted if the odd and/or even parity indicative of the number of "0"s at 
the odd-numbered bit of the combination is one. 

Therefore, in this embodiment, there is provided a detecting circuit 
20 for detecting the DC component, which comprises an EOR circuit 20a to 
which the first and third bits of ten bits of each combination are supplied, 
an EOR circuit 20b to which the fifth and seventh bits are supplied, an EOR 
circuit 20c to which the output from the EOR circuit 20b and the ninth bit 
are supplied, an ENOR circuit 20d to which the outputs from the EOR 
circuits 20a and 20c are supplied, an EOR circuit 20e which is supplied at 
one input terminal with the output from the ENOR circuit 20d, and a D-type 
flip-flop circuit 20f to which the output from the EOR circuit 20e is 
supplied. The output Q of the flip-flop circuit 20f is supplied to the other 
input terminal of the EOR circuit 20e, while the inverted output Q thereof 
is supplied to the other input terminal of the AND circuit 6. 

The EOR circuits 20a to 20c take the parities of the odd-numbered 
bits. In this case, since the number of odd-numbered bits is five if the 
number n is taken as ten, such parity is finally inverted by the ENOR circuit 
20d as the parity indicative of the number of "0"s. When its value is 1, the 
output of the flip-flop circuit 20f is inverted by the EOR circuit 20e at the 
next stage. In other words, the preceding DC component information is 
inverted in level and then supplied to the flip-flop circuit 20f. Then, in 
order that when DSV = -1, namely, the signal level is "0", the signal level 
"1" is supplied, the inverted output Q" is derived from the flip-flop circuit 
20f and then fed to the other input terminal of the AND circuit 6. 

Consequently, the detecting circuit 20 produces the high level output 
when the DC component DSV is -1. 

On the other hand, as mentioned above, the identifying circuit 5 
produces the high level output when the DC component is -2 so that the 
AND circuit 6 produces the signal "1" when the outputs of both the 
identifying circuit 5 and the detecting circuit 20 are high level. Then, the 
output from the AND circuit 6 is supplied to one input terminal of the EOR 
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circuit 11. At this time, the EOR circuit 11 inverts the first bit of the ten 
bits supplied to the other input terminal thereof from the conversion logic 
circuit 3, and then supplies the first bit to the shift register 7. 

As set forth above, in this embodiment, without using the NRZI- 
coded waveform, merely by checking the odd and/or even parity of the odd- 
numbered bits of each combination, it is possible to calculate the DC 
component for the succeeding combination so that the circuit arrangement 
can be simplified. 

Since there exist two states of -1 DC component and +1 DC 
component ("0" and "1" in signal level), DSV may be either 1 or -1 at the 
beginning of the modulation. Accordingly, as shown in Figures 5 and 7, the 
circuit which uses the AND circuits 8d and 8e and the NOR circuit 8f 
initially to set the DC component DSV to +1 or -1 is not required. 

Figure 9 schematically illustrates another embodiment of the present 
invention. This embodiment corresponds to the example of the conversion 
of Tmax = 5"P based on Table III, namely, the example of the circuit shown 
in Figure 7. Accordingly, in Figure 9, like parts corresponding to those in 
Figure 7 are marked with the same references and will not be described in 
detail. 

As described above, in the case of Tmax = 5T', the combination 
having zero DC component is used similarly to the combination having +2 
DC component in the state that all of the first bits are converted. As a 
result, it is not necessary to use the detecting circuit 5 which is used in 
Figure 8. Accordingly, in this case, only the detecting circuit for detecting 
the DC component is required, and hence the detecting circuit 20 used in 
Figure 8 is employed. In that case, the output of the detecting circuit 20, 
namely, the inverted output Q of the flip-flop circuit 20f is directly supplied 
to one input terminal of the EOR circuit 11. 

Also in this case, if the output from the logic conversion circuit 3 is 
produced unified In the combination having, fir example, DSV = +1, when 
the converted combination begins with DSV = 1, the high level output is 
supplied from the detecting circuit 20 to the EOR circuit 11, in which the 
first bit thereof is inverted and then fed to the .»hif t register 7. 

As described above, according to this e inbodiment, it is possible to 
achieve a substantially similar action and e'fect to those of the first 
embodiment. In Darticular, this embodiment rjquires no identifying circuit 
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5 as compared with the first embodiment, so the*, the circuit arrangement 
can be simplified. 

In embodiments of this invention, the combination converted as 
mentioned above can be demodulated by a suitable demodulating circuit. 

While in the above embodiments the cases of Tmax = 4T' and 
Tmax s 5T' are described, the invention is not limited to the above cases, 
but can be applied to other combinations including a combination in which at 
least the DC component is controlled to be less than +2, for example, a 
combination which can be controlled to be combined with a combination 
having zero DC component and whose DC component is fixed. 
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CLAIMS 

1. A method of converting a digital signal into a non-return to zero, 
inverted-coded (NRZI-coded) signal, the method comprising the steps of: 
dividing a base digital signal into a series of base words with each rn bits of 
data; and 

converting said base digital signal into a converted digital signal by 
matching a converted word with each said base word, each said converted 
word having n bits of data, wherein n is greater than m and said converted 
digital signal has a predetermined maximum number of consecutive digital 
zeroes; 

characterised by: 

detecting if the value of each odd-numbered bit of said converted word is 
digital zero; 

producing a detecting signal according to the result of said detection; 
controlling said converted word in response to said detecting signal; and 
modulating said converted digital signal as an NRZI-coded digital signal. 

2. A method of converting a digital signal into a non-return to zero, 
inverted-coded (NRZI-coded) signal, the method comparing the steps of: 
dividing a base digital signal into a series of base words with each eight bits 
of data; and 

converting each said base word into a converted word having ten bits of 
data; 

characterised by: 

detecting if the value of each odd-numbered bit of said converted word is 
digital zero; 

producing a detecting signal in response to a parity of said digital value of 
every odd-numbered bit of said converted word; 

controlling the first bit of said converted word in response to said detecting 
signal; and 

modulating said converted word into an NRZI-code. 

3. An apparatus for converting a digital signal into a non-return to zero, 

inverted-coded (NRZI-coded) signal, the apparatus comprising; 

Au,iM nn moons (2) for dividino a base dioital signal Into a series of base 
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words with each m bits of data; and 

converting means (3,7) for converting said base digital signal into a 
converted digital signal by matching a converted word with each said base 
word, each said converted word having n bits of data, wherein n is greater 
than m and said converted digital signal has a predetermined maximum 
number of consecutive digital zeroes; 
characterised by: 

detecting means (20) for detecting if the value of each odd-numbered bit of 
said converted word is digital zero; 

producing means (20f) for producing a detecting signal according to the 
result of said detection; 

controlling means (6) for controlling said converted word in response to said 
detecting signal; and 

generating means (9,10) for generating said converted digital signal as an 
NRZI-coded digital signal. 

A. An apparatus for converting a digital base signal into a non-return to 
zero, inverted-coded (NRZI-coded) signal having a DC component 
substantially equal to zero and a predetermined maximum time between 
level transitions, the apparatus comprising; 

dividing means (2) for dividing a base digital signal into a series of base 
words with each m bits of data; and 

memory means (3) for converting said base word into a converted word 
having n bits of data, wherein n is greater than m and said converted word 
has a predetermined maximum number of consecutive digital zeroes; 
characterised by: 

detecting means (20) for detecting if the digital value of each odd-numbered 
bit of said converted word is digital zero and for producing a detecting 
signal in response to a parity of said digital value in every odd-numbered 
bits of said converted word; 

controlling means (6) for inverting the first bit of said converted word in 
response to said detecting signal; and 

modulating means (9,10) for modulating said converted word into an NRZI- 
coded. 
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5. An apparatus according to claim 4 wherein said detecting means (20) 
comprises logic means (10a, etc.) for generating sbW detecting signal in 
response to a parity of said digital value in each odd-numbered bit of said 
converted word and a memory circuit (20f) for holding said detecting signal 
during every converting cycle. 

6. An apparatus according to claim 5 wherein said logic means 
(20a, etc.) includes an exclusive-OR circuit and said memory circuit (20f) 
includes a flip-flop circuit. 
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FIG. 6C 
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FIG. 6D 
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